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MyeloperoxidaseAbstract Intestinal ischemia–reperfusion (II/R) is a complex phenomenon causing local and
remote tissue destruction and multiple-organ dysfunction. The technique has been used by many
authors to produce certain organ dysfunctions. This study is to investigate the possible beneﬁcial
effects of thymoquinone and omega-3 separately in II/R-induced renal dysfunction in rats. Sixty-
fourWistar albino rats were randomly allocated into four experimental groups namely sham control,
II/R control, thymoquinone and omega-3 each group pre-treated separately. II/R model was estab-
lished by clamping the superior mesenteric artery (SMA) for 30 min followed by 60 min reperfusion.
Serum level of creatinine was measured. Renal tissue contents of malodialdehyde (MDA) and
reduced glutathione (GSH) as well as myeloperoxidase (MPO), tumor necrosis factor alpha
(TNF-a) and superoxide dismutase (SOD) activities were measured. Apoptosis in renal tissue cells
was determined by immunohistochemical analysis of caspase-3. Renal histopathological examina-
tion was carried out.
II/R elevated serum creatinine level. In-addition, renal tissue content of GSH and SOD activity were
decreased. However renal tissue content of MDA and MPO activity were increased. Immunohisto-
chemical analysis showed remarkable activation of caspase-3 in renal tissue. Histopathological
examination revealed deﬁnite alterations after II/R.
Pre-treatment with thymoquinone and omega-3 resulted in increased renal tissue content of GSH
and SOD activity. The results revealed signiﬁcant decrease in renal tissue content of MDA as well
as MPO activity. Test drugs decreased the activity of caspase-3 through immunohistochemical
examination. Thymoquinone and omega-3 corrected the reported histopathological changes induced
by II/R.
172 A.M. Fayez et al.Depending on the obtained results in the present study it could be concluded that thymoquinone and
omega-3 have beneﬁcial effects on II/R-induced renal dysfunction in rats. The protective potential
could be attributed to the antioxidant, antiapoptotic and anti-inﬂammatory effects of test drugs.
ª 2014 Production and hosting by Elsevier B.V. on behalf of Faculty of Pharmacy, Cairo University.1. Introduction
Ischemia/reperfusion (I/R) is a pathological condition charac-
terized by an initial restriction of blood supply to an organ
followed by the subsequent restoration of perfusion and
concomitant re-oxygenation.1 The absence of oxygen and
nutrients from blood during the ischemic period and reperfu-
sion results in inﬂammation and oxidative damage through
the induction of oxidative stress. Surprisingly, restoration of
blood ﬂow and re-oxygenation is frequently associated with
tissue injury and a profound inﬂammatory response called
reperfusion injury.2
Intestinal ischemia/reperfusion (II/R) leads to systemic
inﬂammation and multiple organ failure in clinical and labora-
tory settings.3 II/R injury includes production of reactive oxy-
gen species (ROS), inﬂammatory cell inﬁltration, and cytokine
production.4 Increased oxidative stress and inhibition of
cellular antioxidant defense mechanisms are associated with
apoptotic cell death.5 Malondialdehyde (MDA) is one of the
ﬁnal products of lipid peroxidation. MDA can be found in
both tissue and blood, and its concentration is directly propor-
tional to the cell damage caused by free radicals.6 Antioxidant
enzymes, including reduced glutathione (GSH) and superoxide
dismutase (SOD), protect tissues from reperfusion injury by
destroying ROS.7
One of the main orchestrators of II/R injury is the proin-
ﬂammatory cytokine tumor necrosis factor (TNF-a).8 Pharma-
cological modulation of TNF-a production is a promising
strategy in the prevention of II/R injury.9 II/R activates
various programs of cell death, which can be categorized as
necrosis, apoptosis or autophagy-associated cell death. Apop-
tosis induced by II/R involves an orchestrated caspase signaling
cascade that induces a self-contained program of cell death,
characterized by the shrinkage of the cell and its nucleus.10
Thymoquinone (TQ), a component of Nigella sativa is
known to have a wide range of anti-inﬂammatory activities
and attenuates allergic inﬂammation. TQ attenuates the pro-
inﬂammatory response mainly by modulating nuclear transac-
tivation of NF-kappa B and TNF-a production.11
Omega-3 fatty acid is one of the major constituents of ﬁsh
oil. It has been shown that omega-3 has beneﬁcial effects in
multiple disease states that involve an inﬂammatory process.
The effects of omega-3 were reported to be through modula-
tion of inﬂammatory mediators such as TNF-a as well as inhi-
bition of apoptotic marker caspase-3.12 The present study is
constructed in order to explore the effects of TQ and omega-
3 in II/R-induced renal dysfunction in rats.
2. Materials and methods
2.1. Animals
Adult male Wistar albino rats, weighing 150–180 g were
used in the present study. Animals were purchased fromthe National Institute of Ophthalmology, Cairo, Egypt.
Animals were kept in the animal center under appropriate
conditions of temperature, humidity and light. The study
was carried out according to the approval of ethics commit-
tee for animal experimentation at the faculty of pharmacy,
Cairo University. Animals were fed standard pellet chow
(El-Nasr Chemical Co., Cairo, Egypt) and were allowed
water ad libitum.
2.2. Drugs
Thymoquinone (Sigma–Aldrich Co, USA) and Omega-3
(Metagenics, INC., Norway), each were separately used in this
study.2.3. Experimental design
Rats were randomly allocated into 4 groups (16 rats each) as
follows:
Group 1: Rats exposed to sham operation and served as
sham control.
Group 2: Rats received distilled water orally for 14 days
and then exposed to II/R operation and served
as II/R control.
Group 3: Rats received thymoquinone (10 mg/kg) dissolved
in distilled water orally13,14 for 14 days and then
exposed to II/R operation.
Group 4: Rats received omega-3 (300 mg/kg) orally15 for
14 days and then exposed to II/R operation and
served as reference standard.
2.4. Induction of II/R
The II/R rat model was established according to the
method described by Cheng et al.16 Superior mesenteric
artery was clamped for 30 min followed by reperfusion for
60 min. At the end of the experiment, blood samples were
collected via the retro-orbital plexus under light anesthesia
(di-ethyl ether), serum was separated, for biochemical
parameters. Animals were sacriﬁced by cervical dislocation,
kidney was rapidly isolated and washed with ice cold saline.
One kidney was homogenized in phosphate buffer saline
(pH 7.5). The other kidney was embedded in 10% formalin
for histopathological examination and immunohistochemical
staining.2.5. Determination of MDA, GSH and SOD
Renal tissue contents of MDA and GSH as well as SOD activ-
ity in renal tissue were determined spectrophotometrically
using kits supplied by Biodiagnostic, Egypt.
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The serum level of creatinine was measured spectrophotomet-
rically using kit supplied by Biodiagnostic, Egypt.
2.7. Determination of TNF-a and MPO
Renal tissue activities of TNF-a and MPO were measured by
ELISA using kits obtained from Assay Pro and Hycult
Biotechnology, USA, respectively.
2.8. Histopathological and immunohistochemical examination
Kidney specimens were ﬁxed in 10% formalin and embedded in
parafﬁn. Tissue sections (4 lm) were stained with hematoxylin
and eosin (H&E). Immunohistochemistry for caspase-3 was
performed in sections prepared from formalin-ﬁxed, parafﬁn-
embedded tissue using the avidin–biotin immunodetection
complex method according to manufacturer’s instruction (Lab-
vision, USA). Interpretation of results was done semiquantita-
tively by evaluating both intensity and distribution of positive
cells. Cytoplasmic staining for caspase-3 was carried in renal
cells. The intensity of caspase-3 immunostaining was assessed
as follows: none = 0, mild = 1, moderate = 2 and strong = 3.
The immunohistochemical histological score (H-score) was
then calculated by multiplying the intensity by the percentage
of renal cells showing positive staining for caspase-3, creating
a range of possible scores of 0–300.
2.9. Statistical analysis
Results were expressed as means ± standard error of mean
(SEM). Comparisons between different groups were carried
out by One-Way Analysis of Variance (ANOVA) followed
by the Tukey–Kramer multiple comparison test. The level of
signiﬁcance was set at p< 0.05. Graphpad software instat
(version 2) was used to carry out statistical analysis.
3. Results
3.1. Effect of TQ and omega-3 separately on renal tissue MDA,
GSH and SOD
II/R resulted in signiﬁcant increase in MDA content and
signiﬁcantly decreased renal tissue content of GSH and renal
tissue SOD activity. Pre-treatment of TQ and omega-3 signif-
icantly decreased renal tissue content of MDA. The two testTable 1 Effect of fourteen day daily dose administration of TQ and
well as SOD activity.
Groups MDA (nmol/g.tissue)
Sham control 78.23 ± 6.699
II/R control 139.45 ± 11.369a
TQ+II/R 85.69 ± 7.678b
Omega-3+II/R 81.23 ± 6.960b
Thymoquinone (10 mg/kg; P.O.) as well as omega-3(300 mg/kg; P.O.) wa
Data are presented as the mean ± SEM.
a Signiﬁcantly different from sham control at P< 0.05.
b Signiﬁcantly different from II/R control at P< 0.05.drugs signiﬁcantly increased renal tissue content of GSH and
renal tissue SOD activity (Table 1).
3.2. Effect of TQ and omega-3 separately on serum creatinine
II/R resulted in signiﬁcant increase in serum creatinine.
Pre-treatment with TQ and omega-3 resulted in signiﬁcant
decrease in serum creatinine (Table 2).
3.3. Effect of TQ and omega-3 separately on renal TNF-a
No signiﬁcant changes occurred in renal tissue activity of
TNF-a neither after II/R nor after administration of test drugs
(Fig. 1a).
3.4. Effect of TQ and omega-3 separately on renal MPO
II/R resulted in signiﬁcant increase in renal tissue activity of
MPO. Pre-treatment with TQ and omega-3 resulted in signiﬁ-
cant decrease in renal tissue activity of MPO (Fig. 1b).
3.5. Effect of TQ and omega-3 separately on renal
histopathological ﬁnding
Rats subjected to II/R showed inﬂammation in the lining
endothelium of the glomerular tuft. Rats treated with TQ
showed few inﬂammations in the perivascular area of the
dilated blood vessels. Rats treated with omega-3 showed nor-
mal tubules in the endothelial cell lining of the glomerular tuft
(Fig. 2).
3.6. Effect of TQ and omega-3 separately on renal
immunohistochemical staining of caspase-3
Immunohistochemical staining of caspase-3 in the sham
control group was mild positive in 30% of renal cells
(H-score = 30). While it was strongly positive in 50% of renal
cells in the II/R control group (H-score = 150). Rats given TQ
were moderately positive caspase-3 in 30% of renal cells
(H-score = 60) and rats given omega-3 were strongly positive
caspase-3 in 10% of renal cells (H-score = 30) (Fig. 3).
4. Discussion
Intestinal ischemia/reperfusion (II/R) is considered to be a
serious and triggering event in the development of local and
distant organ dysfunction17, which involves renal diseases.18omega-3 separately on renal tissue contents of MDA and GSH as
GSH (mg/g.tissue) SOD (U/mg.tissue)
114.65 ± 10.029 28.12 ± 2.011
50.83 ± 2.633a 9.66 ± 0.83a
100.78 ± 8.484b 18.97 ± 1.237b
103.98 ± 9.073b 20.45 ± 1.879b
s administered for 14 days before II/R.
Table 2 Effect of fourteen day daily dose administration of
TQ and omega-3 separately on serum creatinine.
Groups Creatinine (mg/dl)
Sham control 0.633 ± 0.052
II/R control 1.882a ± 0.144
TQ+II/R 1.066 b ± 0.110
Omega-3+II/R 0.931b ± 0.087
Thymoquinone (10 mg/kg; P.O.) as well as omega-3(300 mg/kg;
P.O.) was administered for 14 days before II/R.
Data are presented as the mean ± SEM.
a Signiﬁcantly different from sham control at P< 0.05.
b Signiﬁcantly different from II/R control at P< 0.05.
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by decreased renal tissue content of GSH and the activity of
SOD along with increased renal tissue content of MDA and
MPO activity. These ﬁndings are in agreement with Zhao
et al.17 who reported that the activity of SOD in the tissueA
Figure 1a Effect of fourteen day daily dose administration
B
Figure 1b Effect of fourteen day daily dose administratiodecreased after ischemia/reperfusion. He stated that tissue con-
tent of GSH signiﬁcantly decreased after ischemia/reperfusion.
SOD is the major enzyme for scavenging ROS, and its activity
can reﬂect the functional status. Glutathione plays an impor-
tant role in the prevention of oxidative damage as a direct
scavenger.19 Under normal conditions, free radicals are
neutralized by endogenous antioxidants such as SOD and
GSH.20 However, oxidative stress occurs when the production
of oxidants exceeds the capacity of the antioxidant defense sys-
tems of the cell, or when the effectiveness of the antioxidant
defense system decreases.18 The elevation in MDA renal tissue
content and MPO renal tissue activity is in accordance with
Pergel et al.21 who stated that II/R signiﬁcantly increased the
tissue MDA levels and Zhao et al.17 who reported that tissue
MPO activity increased signiﬁcantly after II/R.
Increased MPO activity is indicative of neutrophil activa-
tion because MPO is found almost exclusively within neutro-
phils.22 Activated neutrophils release more ROS and various
enzymes.7,23,24 Also, oxygen radical-initiates lipid peroxidationof TQ and omega-3 on renal tissue activity of TNF-a.
n of TQ and omega-3 on renal tissue activity of MPO.
Figure 2 Renal histological ﬁndings of the sham control group showed normal glomeruli and tubules [A]. Those from the II/R control
group [B] showed swelling and vacuolization in the lining endothelium of the glomerular tuft and inﬂammatory cell inﬁltration. Those
treated with thymoquinone [C] showed few inﬂammatory cell inﬁltrations. Those treated with omega-3 [D] showed normal tubules (t).
Figure 3 Renal immunohistochemical staining of caspase-3 in the sham control group was mild positive in 30% of renal tissue [E]. Those
from the II/R control group, caspase-3 was strongly positive in 50% of renal tissue [F]. Those treated with thymoquinone caspase-3 was
moderately positive in 30% of renal tissue [G]. Those treated with omega-3 caspase-3 was strongly positive in 10% of renal tissue [H].
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function and necrosis associated with reperfusion.25 MDA is
one of the ﬁnal products of lipid peroxidation and can be mea-
sured in both tissue and blood, and its concentration is directly
proportional to the cell damage caused by free radicals.26
Antioxidants, including GSH and SOD, protect tissues from
reperfusion injury by destroying ROS.27,28
In the present study TQ and omega-3 separately increased
renal tissue content of GSH and SOD activity. Similar resultshave been reported by Fouda et al.13 who stated that thymo-
quinone protected kidney damage by preventing renal GSH
depletion and have a beneﬁcial effect in restoring declined
SOD activity due to ischemic insult. Romieu et al.29 reported
that supplementation with omega-3 was related to an increase
in SOD activity and an increase in GSH plasma levels. More-
over test drugs decreased MDA content and MPO activity
these results are in accordance with Umar et al.30 who reported
that TQ was effective in bringing signiﬁcant reduction in MDA
176 A.M. Fayez et al.and MPO. Bento et al.31 reported that omega-3 has been dem-
onstrated to reduce MPO activity in mouse colon. Benson and
Devi32 stated that omega-3 decreased MDA signiﬁcantly.
The effect of TQ on GSH, SOD, MDA and MPO could be
attributed to the antioxidant power of thymoquinone in
various models of oxidative stress. Thymoquinone acts as a
scavenger of superoxide, hydroxyl radical and singlet molecu-
lar oxygen.33 Previous studies have shown that pre-treatment
with thymoquinone protected organs against oxidative damage
induced by a variety of free radical generating agents, includ-
ing cisplatin,34 carbon tetrachloride35 and doxorubicin.36
Moreover, thymoquinone supplementation has recently been
shown to prevent deterioration of the biochemical and histo-
logical indices of gentamicin-induced nephrotoxicity, which
coincide with the increase in the total antioxidant status in
renal cortex, including GSH concentration.37 The strong anti-
oxidant potentials of thymoquinone may be related to the
redox properties of the quinone structure of thymoquinone
molecule and its unrestricted crossing of morphophysiological
barriers, and easy access to subcellular compartments facili-
tates the ROS scavenging effect.38 Brunmark et al.39 have
shown that quinone reductase, catalyzes the two electron
reduction of quinones to hydroquinones, preventing their par-
ticipation in redox cycling, and subsequent generation of ROS.
Quinone reductase activity was found in all rat tissues includ-
ing the kidney and can catalyze the two electron reduction of
thymoquinone to form dihydro thymoquinone.40
Omega-3 administration could cause its beneﬁcial effects by
its known anti-inﬂammatory properties through displacement
of arachidonic acid from the cellular membrane, shifting of
prostaglandin E2 and leukotriene B4 production.41 Although
the exact mechanism of cytoprotection by Omega-3-fattyacids
remains unresolved, certain effects of omega-3 suggest that this
substance could serve as an antioxidant that makes the tissues
less susceptible to the damaging action of noxious agents.42
In the current study no signiﬁcant changes occurred in the
renal tissue content of TNF-a. This result is in accordance with
the data of Donnahoo et al.43 who found that 30 min of ische-
mia followed by 1 h of reperfusion did not increase renal tissue
content of TNF-a. However, TNF-a content increased signif-
icantly when the animals were exposed to 1 h of ischemia fol-
lowed by 1 h of reperfusion.
A valuable and more selective tool to identify apoptotic
cells in solid tissues may be the use of antibodies that speciﬁ-
cally detect the cleaved subunits of caspases, because activa-
tion of these enzymes constitutes a key molecular event
during the process of apoptosis. In fact, the utility of this
approach has been proven in previous studies by other
groups.44–46 The present data showed that immunostaining
for caspase-3, as a reliable marker of apoptosis, in rat kidney
caspase-3 was strongly activated in 50% renal cells in the II/
R control group compared to mild activation in 30% renal tis-
sues in sham control rats. This result is in agreement with El
Gazzar et al.11 and Giakoustidis et al.47, who stated that acti-
vated caspace-3 was widely activated after ischemia/reperfu-
sion, although a very limited amount was detected in the
sham operation animals. Activation of caspase-3 may explain
the injury caused after II/R. Thymoquinone administration
in this study reduced apoptosis through decreasing the activa-
tion of caspase-3. This is in agreement with Fouda et al.13 who
reported that apoptosis and proliferative reactions are reduced
by thymoquinone. Administration of omega-3 in the presentstudy also reduced caspase-3 activity. This is in agreement with
El-Ansary et al.12 and could be attributed to the powerful anti-
oxidant effect of TQ and omega-3.
Histopathological examination showed swelling and vacuo-
lization in the lining endothelium of the glomerular tuft and
inﬂammatory cell inﬁltration in the II/R control group. Thymo-
quinone showed a marked improvement in the renal cell struc-
ture and omega-3 showed a normal histopathological picture.
TQ protective effect could be attributed to the potent superox-
ide anion scavenging abilities, and inhibiting iron-dependent
microsomal lipid peroxidation.48 Beltz et al.49 attributed the
beneﬁcial action of omega-3 to its anti-inﬂammatory effect.
Moreover Song et al.50 reported that omega-3 decreased the
production of pro-inﬂammatory cytokines, which is another
possible explanation for omega-3 action on renal tissue.
In conclusion, the present study revealed that the protective
effect of TQ and omega-3 against renal dysfunction induced by
intestinal ischemia/reperfusion is attributed, at least in part, to
their profound anti-inﬂammatory and antioxidant activities.5. Conﬂicts of interest
The authors declare that they have no potential conﬂicts of
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